Abstract. In this paper, we consider the Lévy Laplacian acting on multiple Wiener integrals by the Lévy process, and give a necessary and sufficient condition for eigenfunctions of the Lévy Laplacian. Moreover we give a decomposition by eigenspaces consisting of multiple Wiener integrals by the Lévy process in terms of the Lévy Laplacian.
Introduction
An infinite dimensional Laplacian was introduced by P. Lévy [6] . This Laplacian was introduced into the framework of white noise analysis by T. Hida [1] and has been studied by many authors from various aspects. In the papers [8] and [9] , the Laplacian acting on Gaussian and Poisson white noise functionals has eigenfunctions. The purpose of this paper is to extend this result and obtain a necessary and sufficient condition for eigenfunctions of the Lévy Laplacian acting on some class of Lévy white noise functionals. Moreover, we give a decomposition by eigenspaces consisting of multiple Wiener integrals by the Lévy process in terms of the Lévy Laplacian.
More precisely, in this paper, we consider the Lévy Laplacian acting on multiple Wiener integrals by the Lévy process X = {X(t)|t ∈ R} which the characteristic function is given by E[e irX(t) ] = exp{tf X (r)}, r, t ∈ R,
where σ ≥ 0,µ ∈ R and β is a positive finite measure on R with β({0}) = σ 2 and R |u| n dβ(u) < +∞ for all n ∈ N. Moreover, we give a necessary and sufficient condition for U -transforms
to be eigenfunctions of the Lévy Laplacian in the two following cases:
where ·, · is the canonical bilinear form on S (R) × S(R) and is the Wick product. In the last section, we have the following decomposition:
W n (0) holds if and only if (T1) holds,
where (L 2 ) is the space of all quadratic integrable white noise functionals.
Preliminaries
Let E = S(R) be the Schwartz space of rapidly decreasing R-valued functions on R and let E * be the dual space of E. The canonical bilinear form on E * × E is denoted by ·, · .
Let X = {X(t)|t ∈ R} be a Lévy process on a probability space (Ω, F, P ), which the characteristic function is given by
where σ ≥ 0,µ ∈ R and β is a positive finite measure on R with β({0}) = σ 2 and
Then by the Bochner-Minlos Theorem, there exists a probability measure Λ on E * such that
Fixing a finite interval T on R, we take an orthonormal basis
which is equally dense, uniformly bounded (see [4] ) and satisfies the following condition
Conditions for Eigenfunctions of the Lévy Laplacian.
Let
and only if there exists C ∈ R such that the following equalities hold:
and
where f ∈ E, by (3.2),(3.3) and (3.4), we have (P1), (P2) and (P3). Conversely, if there exists C ∈ R such that (P1), (P2) and (P3) hold, then we can check 
In the case of C ≥ 0, by (3.5) we have
and therefore β is expressed by
Since β({0}) = σ 2 , we get
Hence we have (T1). In the case of C < 0, by (3.5) we have
where a = −
|T |C
n . This means that β is expressed by
By (P2) we have
Moreover, by (P1) we have
and hence
Then we have (T2). If β is given by the form (T1), we have
Therefore (P1), (P2) and (P3) hold for arbitrary constant C if µ = 0 and σ = 0, and hold by setting C = 0 if otherwise. By Proposition 3.1, the function F f1,··· ,fn is an eigenfunction of ∆ L . If β is given by the form (T2), setting C = − n |T | a 2 , we have
where k ≥ 2. Hence (P1), (P2) and (P3) hold. By Proposition 3.1, the function F f1,··· ,fn is an eigenfunction of ∆ L . 
Decomposition by Eigenspaces of (L
if and only if β = cδ a for some c > 0 and a ∈ R.
Then the following Proposition holds.
Proof. The linearity of ∆ L is obvious. Let ϕ, φ ∈ M . Then ϕ and φ are represented in the forms:
Since (T1) or (T2) holds, there exists C ∈ R such that the following hold,
Since the operator ∆ L is continuous on K n , then ∆ L can be extended to a continuous linear operator defined on K n . The extension is also denoted by ∆ L . 
(1) Let F = U[ϕ] and C ∈ R. Then we have 
Since ϕ j 's can be represented by
we have the following equalities: 
